The control of human hand movements is investigated in a simple synchronization task. We propose and analyze a stochastic model based on nonlinear error correction; a mechanism which implies the existence of unstable periodic orbits. This prediction is tested in an experiment with human subjects. We find that our experimental data are in good agreement with numerical simulations of our theoretical model. These results suggest that feedback control of the human motor systems shows nonlinear behavior. © 2001 Elsevier Science
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The application of nonlinear dynamics to the problem of human movement control relates to several central issues in extant biological and psychological models (Kelso, 1995, and references therein). Even very simple movements show strong random variability between successive realizations of the same target interval. Therefore, theoretical models for the production of rhythmic movements often focus on stochastic aspects (Vorberg & Wing, 1996) . The analysis of these fluctuations in the framework of linear stochastic processes has provided important insights into the organization of the human movement control system. The investigation of the interaction between nonlinear determinism and stochastic variability remains a challenge to experimental and modeling approaches. To this end, we use the concept of unstable periodic orbits as a novel approach to the analysis of movement control in this article.
Unstable periodic orbits are fundamental for understanding chaotic dynamical systems (Cvitanović, 1988; Grebogi, Ott, & Yorke, 1988; Hunt & Ott, 1996; Lai, Nagai, & Grebogi, 1997; Zaks, Park, Rosenblum, & Kurths, 1999) . One important application of periodic orbit theory is the control of chaotic systems (Ott, Grebogi, & Yorke, 1990; Schiff et al., 1994 ; for a review, see Ott & Spano, 1995) . Consequently, the detection of unstable periodic orbits in experimental data has become a central issue in nonlinear time series analysis (Pierson & Moss, 1995; Pei & Moss, 1996; So et al., 1997a So et al., , 1997b So, Francis, Netoff, Gluckman, & Schiff, 1998) . Systems with unstable periodic orbits are suggestive for the presence of deterministic chaos. At a more general level, the detection of these orbits provides evidence for determin-
